A B S T R A C T
Large ecosystem processes often take place beyond the observation time of a researcher. Yet, through retrospective research scientists can approach and understand ecosystem changes. This contributes to the fundamental understanding of both human-induced and natural dynamics in ecosystems worldwide. This also holds for fast changing coastal areas with mangrove ecosystems, which are important for biodiversity, for coastal protection, and for the daily livelihood of millions of people in tropical coastal developing countries. In addition, retrospective research generates a basis for predictions that can be used early on to protect an ecosystem. In attempting to protect ecosystems from adverse human-induced change and destruction, and to manage them for sustainability, scientists are only beginning to investigate and understand natural ecosystem dynamics. It is important and advisable to gather, combine and analyse all possible data that allow a researcher to look back in time. This paper reviews the available retrospective methods, and highlights the transdisciplinary way (i.e. combination between basic and applied sciences on one hand, and social and human sciences on the other) in which retrospective research on a scale between months and centuries can be carried out, but it also includes methods on larger scales that may be marginally relevant. The paper particularly emphasizes the lack of transdisciplinary (not interdisciplinary) integration between sciences in retrospective research on mangrove forests in the past.
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Introduction
Mangrove forests occur along tropical and subtropical coastlines and serve as breeding, spawning, hatching, and nursery grounds for many marine species (Baran, 1999; Barbier, 2000; Nagelkerken et al., 2008; Cannicci et al., 2008) . Next to this habitat function, mangroves also provide wood and non-wood forest products and values to indigenous people (Bandaranayake, 1998; Ewel et al., 1998; Gilbert and Janssen, 1998; Rö nnbäck, 1999; Bandaranayake, 2002; Moberg and Rö nnbä ck, 2003; Walters et al., 2008) . They may act as a physical barrier to protect human settlements from the ocean (Badola and Hussain, 2005; Dahdouh-Guebas et al., 2005c; Danielsen et al., 2005; Dahdouh-Guebas and Koedam, 2006) . It has been estimated that approximately 75% of tropical coasts world-wide were once fringed with mangroves (Chapman, 1976) , but at present a world without mangroves is no longer an unrealistic prospect (Duke et al., 2007) . Despite their values, mangroves are amongst the most threatened ecosystems world-wide, subject to over-exploitation, pollution, and conversion (Farnsworth and Ellison, 1997) . In particular the largescale conversion of mangrove forests to ponds for shrimp aquaculture is an underestimated problem (Naylor et al., 2000a,b; Dahdouh-Guebas et al., 2002b; Primavera, 2005) . Not only direct or destructive anthropogenic effects such as clear felling, but also indirect impacts such as changes in hydrography have proved detrimental to mangroves (Dahdouh-Guebas et al., 2005b,c) . In addition, climate change poses a threat to mangrove ecosystems (Gilman et al., 2008) . This has stimulated many countries to pay attention to natural or induced mangrove recovery (Stevenson et al., 1999; Lewis et al., 2005; Bosire et al., 2008) . In many locations, the above-mentioned threats have reduced the potential for economic recovery. For instance, economic recovery from the 26/12/2004 tsunami disaster is hampered because of the loss of traditional income sources related to coastal ecosystems rich in species and in ecological functions (Adger et al., 2005; Hughes et al., 2005) . To reverse the eroding social-ecological resilience in mangrove areas under threat, it is important to reconstruct the past of the mangrove ecosystem, or better: the mangrove anthroposystem. This reconstruction is also the basis to understand its natural and anthropogenic dynamics (Berger et al., 2008) , to forecast changes, and strive for early mitigation.
Few have attempted to forecast general impacts (Semeniuk, 1994; Clarke, 1995; Ellison and Farnsworth, 1996; Woodroffe, 1999) , and even fewer to predict cryptic changes in more specific ecosystem characteristics such as vegetation structure and composition DahdouhGuebas et al., 2002a DahdouhGuebas et al., , 2005a . These studies have pointed out that there is a lack of description and understanding of past changes, and present functions and processes, let alone the ability to predict future scenarios in mangrove ecosystems. The need for long-term environmental monitoring, research and paleoecological reconstructions of past environments has been stressed (Parr et al., 2003) . Historical ecology data have been adopted in the past in this perspective. Swetnam et al. (1999) state that 'historical ecology encompasses all of the data, techniques, and perspectives derived from paleoecology, land use history from archival and documentary research, and long-term ecological research from monitoring and experiments extending over decades. Also included are time series from instrument-based observations of the environment, such as weather records, stream gauges, and data from satellites'. However, the 'natural' and 'documentary archives' that contribute to historical ecology are with few exceptions from within natural sciences (Swetnam et al., 1999) overlooking highly valuable information derived from the social and human sciences (Cormier-Salem, 1999; Rist and Dahdouh-Guebas, 2006) . This is corroborated by the significant lack of integration between disciplines from various science domains, particularly in historical research applied to mangrove forests. The term 'retrospective research' is used here to indicate all research approaches that look back in time to understand the present (historical ecology, historical biogeography, etc. . .).
The objective of this review paper is to highlight the potential of retrospective research on mangroves, and to recommend transdisciplinary approaches based on a subset of retrospective research methods to improve our understanding of past changes and spatiotemporal dynamics on a scale between months and centuries. In this light, transdisciplinarity equals interdisciplinarity that transcends the science fields (basic and applied science; social and human science; life science) in particular, and science in general (incorporating indigenous forms of knowledge) (Rist and Dahdouh-Guebas, 2006 ).
Retrospective data from the basic and applied sciences

Above-ground fieldwork observations
Measurements or visual observations in the field can be indicative for events in the recent past, such as tracks or broken branches for animal foraging, or concentrations of aromatic hydrocarbons for pollution (Burns et al., 1993; MacFarlane et al., 2003) . Ecosystem morphology and physiognomy can provide a range of information on the past. The position and physiognomy of mangrove forests and coral reefs reflect changes on different time scales. Transient surface water levels (reflected in flood line marks on the vegetation) and shoreline position respond most rapidly to coastal environmental changes, and can be reflected in changes in colour, structure and mud coatings of stems and branches of plants, notches in channel banks, aggregated surfaces of wetlands, and more geomorphologic indicators (Morton, 2002) . Distribu-tional changes such as the natural expansion or regression of mangrove vegetation (including possible changes in species composition) and coral reefs are indicators of environmental changes occurring on the order of decades to millennia (Morton, 2002; Dahdouh-Guebas et al., 2004) . Past exploitation practices can be deduced from the age structure and spatial distribution of trees (Dahdouh-Guebas et al., 2002a) , the straightness of trees (Kairo et al., 2002) , or the presence of tree stumps or dead trees (Dahdouh-Guebas et al., 2004) . The difficulty with most of the above observations is that the time scale of reconstruction is very variable, and cannot always be quantified based on the observation alone (what is the time interval for a change to occur or to be observable?).
Lichenometry
Based on the radial, slow and steady growth of most lichens, lichenometry is commonly used as a technique to date the exposure of certain natural or human features, such as bridges, gravestones, landslides or geological features (Bull and Brandon, 1998; Winchester and Chaujar, 2002) . However, the assessment of lichens in forest gap dynamics (Benson and Coxson, 2002 ) also opens doors to lichenometry in a mangrove forest ecosystem context. Lichens do occur in mangroves (e.g. Ellison, 1997 ), but are not well studied, let alone used in lichenometry.
Dendrochronology
Dendrochronology is the science of measuring time-related features in the wood of woody plants. As woody plants grow, tree cambium produces xylem at the pith side of a root, stem or branch section, which may display variable characteristics depending on seasons or environmental conditions. Seasonal climates of the temperate type induce the formation of rings in the xylem of a tree. Dendrochronologic research can be purely based on the woodanatomical characteristics of these tree rings that must be analysed visually or through image analysis (Cherubini et al., 2003) , or it can be based on the analysis of isotopes extracted from the successive tree rings (February, 2000) . However, both approaches are obscured in areas where the spatio-temporal climatic variability inhibits tree rings to form consistently such as under mediterranean or tropical climates (Cherubini et al., 2003) . Nevertheless, for the mangrove trees rings have demonstrated to be useful for age determination (Menezes et al., 2003; Verheyden et al., 2004a) , with potential for dendrochemistry (Verheyden et al., 2004b (Verheyden et al., , 2005a and for research on wood anatomy and hydraulic architecture (Schmitz et al., 2006) . Growth layers of Avicennia are not annual which is, however, related to their peculiar growth via successive cambia (Schmitz et al., 2007a,b) . Some other mangrove species do show growth rings in regions with a seasonal climate. In Rhizophora mucronata Lamk., annual growth rings were identified in Kenya (Verheyden et al., 2004a,b) and also Heritiera fomes Buch.-Ham and Sonneratia apetala Buch.-Ham from Bangladesh show a good potential for dendrochronological research (Chowdhury et al., in press ).
Following the above approach, environmental and ecological aspects of a system can be deduced from the characteristics of the tree rings. Dendroecology may reveal changes in for instance fire incidence (Stephens et al., 2003) , climatic conditions (Briffa et al., 1998; Verheyden et al., 2005b) , total environments or ecosystems (February, 2000) , sea-level rise (Yu et al., 2004) and even retrospective information on fish abundance hidden in the rings of riparian trees (Drake et al., 2002) . Normally the natural archiving of information, which can be used in dendrochronology, stops when a tree dies, and it is therefore important to know how long ago a tree died. To solve this, methods have been proposed to estimate the time a dead tree has been on the ground (Gore et al., 1985; Johnson and Greene, 1991) .
Landscape (repeat) photography
Landscape photography from a single location is often used to view the typical landscape features under different environmental conditions such as seasons in temperate regions, or inundation in fluvial or tidal forests (Stafford-Deitsch, 1996) . Such comparative photographs have also been used to compare the 'before' and 'after' situations in case of catastrophes or successive stages in restoration studies (Lewis, 1982; Finn, 1996; Turner and Lewis, 1997; Stevenson et al., 1999) . However, apart from documentary books for a wide audience (Vanhecke et al., 1981) , few scientists used sequential photographs to actually research ecosystem or vegetation changes (e.g. Rogers et al., 1984; Butler and DeChano, 2001; Brook and Bowman, 2006; Moseley, 2006) , or to corroborate other data (e.g. Wolanski and Gereta, 2001) . Although the analysis of such sequential photographs is often limited to visual inspection, the inherent information to interpret ecosystem changes in a wide framework can be very valuable ( Fig. 1) . Landscape photography or repeat photography definitely qualifies as a cheap and accessible data source for the present and future, but for the past it evidently requires reference photographs. 
Air-and space-borne remote sensing
One of the most widely used methods to look into the recent past, and which will undoubtedly evolve into the single most important monitoring technology in the future, is remote sensing. There is a large difference between air-and space-borne remote sensing as far as their spatial, temporal and spectral characteristics are concerned (Green et al., 2000; Dahdouh-Guebas, 2002) . Whereas satellite remote sensing is a relatively new technology that started with the Apollo program in 1963, the first black/white aerial photographs were taken in 1858 from a hot air balloon, and in 1906 from an airplane. It was during World War I that aerial photography missions on a large scale were launched. Hence, aerial photography constitutes the only available imagery for retrospective monitoring on a sequential scale of decades, starting long before the birth of space technology (Dahdouh-Guebas et al., 2000b) . Aerial photography remains the only imagery with the highest spatial resolution, and is often preferred to satellite imagery (Ramsey and Laine, 1997; Mumby et al., 1999; Hyyppä et al., 2000; Manson et al., 2001; Thampanya et al., 2006) . Of course, the choice of a particular sensor depends on the study purpose (cf. Blasco et al., 1998) .
From as recently as 2001, images of very high spatial resolution and of good spectral resolution from space-borne sensors (Ikonos, Quickbird, OrbView) have made it possible to optimise the identification of differential assemblages, genera and species within and beyond mangrove ecosystems Dahdouh-Guebas et al., 2005a; Kovacs et al., 2005) . Before that, the application of satellite sensors in change detection was limited to large homogeneous land-cover or land-use classes. The research community should consider also the 'physiognomic resolution' of remote sensing methods or of any method. The 'physiognomic resolution' is referred to as the form that a method is able to identify within the variety of life forms, or as the ecological entity that a method is able to identify within an ecosystem (e.g. forest, individual). It implies that the identified level can be monitored to detect temporal changes in it. For instance, a method (e.g. a sensor) that is able to make physiognomic distinctions such as 'grassland', 'forest', 'submerged vegetation', even if fitted with further characterisations like 'dense' and 'sparse', would be considered having a 'low physiognomic resolution'. So would a method that can only detect whether an ecosystem entity is mangrove forest or not, without further details. However, a method that succeeds in identifying the taxonomic level of species or even individuals would be considered having a very high physiognomic resolution. Studies that serve to pinpoint individual trees will require methods with a very high physiognomic resolution.
Next to spatial resolution of remote sensing sensors and physiognomic resolution, the very high temporal resolution of satellite remote sensing (as frequent as 3 days to revisit a particular place) is conducive for the detection of changes on small temporal intervals. The higher radiometric resolution is also an advantage. Unfortunately, the highly commercialised cost poses a restriction on its use by institutions in developing countries.
Isotope analyses
Isotope analysis may employ the use of 'radiogenic isotopes' or 'stable isotopes'. Radiogenic isotopes are not stable and undergo radioactive decay that can be traced back in time by comparing the mass of the original element to that of the element newly formed during the decay process. Based on the time that is required for a certain mass of an original radiogenic isotope to spontaneously decay to half of its mass (=the isotope's half-life), it may have a specific medical or environmental application on a time scale between seconds and billions of years (Firestone and Shirley, 1996) . Radiocarbon ( 14 C) for instance, has a half-life of 5700 years and is widely used for long-term dating in ecosystem research including mangroves (Scheel-Ybert, 2000; Lezine et al., 2002) . However, its use in the reconstruction of a specific vegetation type may be limited due to its low 'floristic resolution' (Witt, 2002) . Nevertheless, even when the time scale focused on is at most centuries, radiocarbon dating remains interesting to know how long the mangrove ecosystem under study has already been in its current place. Alternative radiogenic isotopes for the study of more recent sedimentation are 137 Cs (half life = AE30 years),
210
Pb (half life = AE22 years) and 7 Be (half life = AE53 days) (Lynch et al., 1989; Blake et al., 1999 Blake et al., , 2002 . We refer to J.C. who details the dating techniques and methods for long-term retrospection on mangrove development using sediment cores.
In contrast, stable isotope analysis is based on ratio's between heavy isotopes that do not decay (e.g. 13 C, 15 N) and the lighter isotopes (e.g. 12 C, 14 N). In ecology, stable isotopes are used to trace the cycling or fixation of nutrients such as in research on trophic relationships between organisms and between adjacent ecosystems (Marguillier et al., 1997; Bouillon et al., 2002 Bouillon et al., , 2003 Cocheret de la Moriniè re et al., 2003; Bouillon et al., 2007; Kristensen et al., 2008) . For instance, diet shifts in herbivorous marine animals, detected through stable isotope analysis of specimens caught on different moments, may be an indicator for a changed supply in primary food sources. Isotope analysis can also be applied to dendrochronological research to investigate past environmental factors that are perpetuated in the tree rings under the form of stable or unstable radiogenic isotopes (February, 2000; Miller et al., 2006) . Isotopes in microfossils originating from marine sediments may reveal temperature, salinity, ice volume, atmospheric CO 2 , and ocean circulation (Stokstad, 2001 ).
Substrate cores
Centimeter-to meter-deep soil cores can provide significant insight in past conditions, on a scale from years to millions of years. Apart from indications of soil consolidation or compaction based on the structural and textural characteristics of the soil, research foci can range from biogeochemical trace elements or isotopes (Bouillon et al., 2002; Gonneea et al., 2004; Versteegh et al., 2004) , over palynology (Blasco, 1984; Lezine, 1996; Hofmann, 2002; Yulianto et al., 2004; Vedel et al., 2006; A.M. Ellison, 2008; J.C. Ellison, 2008) and species compositions in general (Westgate, 1994) , to climatic changes and sea-level rise (Verschuren et al., 2000; Kumaran et al., 2004a,b; Cohen et al., 2005a,b; Torrescano and Islebe, 2006; Engelhart et al., 2007) .
The use of substrate cores is however not limited to surface soils, and offers most interesting insights when applied to underwater substrates (Wang et al., 1999; Verschuren et al., 2000) . Substrate coring also extends to the study of ice cores that can be well over a hundred meters deep and look back into the climate ten to hundred thousands of years (e.g. Thompson et al., 1998) . For both methods the results may incorporating a wide area including mangrove ecosystems that are located relatively near mountains with ice caps or glaciers in tropical regions, or near great lakes. The cost and technology of extraction, preservation and analysis often poses a practical limitation to the study of deep soil or ice cores, in particular for below-surface substrates.
A third form of 'substrate' cores is the analysis of corals, which grow slowly and accumulate information on a seasonal time scale. The study of corals may reveal sea surface temperature from oxygen isotopes and elemental ratios, and river discharge and precipitation cycles on land from isotopes (Stokstad, 2001) . This also allows the study of oceanic or climatic impacts or consequences of global change, such as sea-level rise (or decrease), ocean surges (e.g. tsunamis), and El-Niñ o events. Once more, this is a method that is primarily carried out nearby, but not in the mangrove. Yet, many mangrove forests (e.g. in Kenya) are known to host ancient coral reefs.
Geomorphological and paleontological data
Deltaic-estuarine geomorphology influences the development of mangrove forests. Various settings along which mangroves develop have been identified and described, and include protected shores, bays, estuaries, deltas and river banks (Thom et al., 1975; Thom, 1984) . Mud stains and microbial etching on exposed rocks, notches in wave-cut scarps and anomalous landforms often indicate changed environments. In Kenya for example, the presence of coral pillars within the mangrove (e.g. Gazi Bay), in the back mangrove (e.g. Wasini Island), or buried under inhabited terrestrial villages (e.g. Mida Creek), are unambiguous indicators of a former sea-level that used to be at least 10 m higher than at present (Farid Dahdouh-Guebas, unpublished data, 2003) , which can have an oceanological cause (sea-level change) or a geological one (tectonics), or a combination.
Next to this type of direct relationships, unlinked paleontological studies can provide elements from the distant past that can help interpret mangrove ecosystem origin or changes. Tephrochronological studies have for instance been applied to date tropical coastal environments (Ward and Little, 2000; Morton, 2002) . The study of fossils indicate biogeographical shifts in faunal or floral assemblages (Smith et al., 2001) , that may also be interpreted into an ecosystem context.
Hereditary and evolutionary feature differentiation
The differentiation of hereditary information between populations of a particular species is a measure for the frequency of contact between them, in the form of diaspores (pollen, seeds or entire individuals). This can be viewed over a series of spatial scales, between a few thousand square meters and intercontinental surfaces, and temporal scales, between months and millennia (Gaston, 1996; Triest, 2008) . For some species, genetic differentiation may reflect habitat fragmentation, isolation or degradation (Abeysinghe et al., 2000; Gaston, 1996; Triest, 2008) . However, this is largely dependent on the biology of the species. Anemogamoushydrochorous species will evidently not display the same pattern of differentiation as entomogamous-autochorous species.
The analysis of hereditary information based on morphological characteristics or on DNA is also at the basis of phylogeny research, which can be used to date an organism (Roelants and Bossuyt, 2005) . Kinship between organisms and evolutionary features can in turn reflect geographical and environmental changes, such as tectonics or sea level (Lin et al., 2002; Bossuyt et al., 2004) . However, such results reflect more on the biological species rather than on the site in which they are found. Dating a particular habitat in a certain location through phylogeny of its associated fauna is only possible if the animals are endemic to that site.
Retrospective data from the social and human sciences
Interviews
The information that resides with indigenous people, and in particular with the elders of local communities, is vast and extremely valuable and can easily be accessed through interviews. It is also extremely vulnerable, as information is rapidly lost with their passing away. Western scientific knowledge has long been blind to indigenous forms of knowledge, even though the latter has much to offer for bio-cultural diversity and sustainable resource use (Rist and Dahdouh-Guebas, 2006 Walters et al., 2008) . It can be expanded to surveys on fishery-related or ethnozoological practices and thus reveal general ecosystem changes through time. In addition, interview surveys can be soundly combined with retrospective remote sensing, as ground truthing past imagery is not possible. Simple information such as the ability to wash clothes with lagoon water, as opposed to 30 years earlier, are invaluable sociological indicators for a low lagoon water salinity (Jayatissa et al., 2002; Dahdouh-Guebas et al., 2005b) . In another example the origin of a cleared patch of vegetation in Gazi (Kenya) was clarified with local informants' knowledge (Dahdouh-Guebas et al., 2004) . Interview analyses have also been used in studying physical, rather than biological, aspects of the natural environment, such as in ethnopedology (WinklerPrins and Sandor, 2003) .
Historic archives
Historic archives are often used in history, archaeology or within other disciplines of the social and human sciences (e.g. Lape, 2002) . Countries that used to have overseas territories (such as France, Portugal, Spain, The Netherlands and the United Kingdom) usually keep colonial archives. The Atlas of Mutual Heritage for instance (http://www.atlasofmutualheritage.nl/), which comprises the archives of the Dutch East-India Company (Vereenigde OostIndische Compagnie-VOC) and the Dutch West-India Company (West-Indische Compagnie-WIC), contains thousands of plans, maps, views, panoramas, scenes of everyday life, and many more descriptions that can be used as a source of information (e.g. Baldaeus, 1672) . Historic expertise is needed to soundly interpret ancient descriptions, or scribbled notions in the margins of 17th century maps (Fig. 2) . Sometimes sets of words such as 'till here reaches the sea water and all land is silty' (tot dusverre komt het zeewater en is alles brak en siltagtig land), 'drowned land' (verdroncken landt) and 'bending rhizophorous belts' (Deze tweede rhizophorengordel vormt bogten en inhammen en wordt door talrijke smalle straten doorsneden, die veelal de beddingen zijn van op het land ontspringende kreken, Von Rosenberg, 1867) are unambiguous indications of the presence of a mangrove ecosystem. Probably the oldest known unambiguous references to mangroves going on for several paragraphs read amongst others: In Persia in the Carmanian district, where the tide is felt, there are trees [Rhizophora mucronata]. . . [that] are all eaten away up to the middle by the sea and are held up by their roots, so that they look like a cuttle-fish (Theophrastus, 370-285 B.C.E.), as cited by A.M. in the preface of Aquatic Botany's Special Issue on Mangrove Ecology . Other clues given by are: In the island of Tylos, which is situated in the Arabian gulf, they say that on the east side there is such a number of trees when the tide goes out that they make a regular fence on the coastal protection function of mangroves (Enquiry into Plants Book IV. VII. 7), and As for the tall fruit-bearing trees found in tidal waters, one would perhaps not assign their feeding to the sea water, but say that it is possible that the roots draw potable water from the ground, and that the sea water surrounding the tree does it no more injury than the surface waters surrounding freshwater plants on the salt tolerance of mangroves (De Causis Plantarum Book II. 5.2 1-9).
Despite the valuable information contained in such historic archives, there is no evidence of their utilisation to study any aspect of the essential tropical coastal ecosystems. In fact, there are only 3 peer-reviewed studies listed in Web of Science 1 (2007) that have attempted to use the archives of the Dutch or English East India Company in a fundamental exact scientific, rather than a historical, social or human scientific context: one incorporating ship logs to study the weather during and after the little ice age (Farrington et al., 1998) , one using early chart making to study the evolution of a major delta front (Allison, 1998) , and one combining 17th century historic text and map archives with vegetation science, remote sensing, hydrology and socio-economic interviews to infer the dynamics of mangrove lagoons (Dahdouh-Guebas et al., 2005b) . In addition, there is one study that uses long-term meteorological observatory records started by the English East India Company to reconstruct atmospheric pressure (Allan et al., 2002) . However, the recognition of the archives of the Dutch EastIndia Company (1602-1800) in UNESCO's Memory of the World Register (Edmondson, 2002; UNESCO, 2003) , is indicative of the much larger research potential available using this or other historic archives. Of course, other archives are scattered around the world, but likewise have few studies on mangroves used them (e.g. Alleng, 1998; Plaziat and Augustinus, 2004 ).
Spiritual heritage
Archives and heritage of global religions display very little variability, and are in this sense independent from the studied site. However, they can provide insight into the relation between man and environment (Palmer and Finlay, 2003) . While they may not directly generate information on a particular ecosystem, faith may provide a framework for the behaviour of people towards nature, and what they are allowed or not allowed to do in this respect. The protection of the forest of Harissa of the Maronite Church in Lebanon for instance, or other examples of sacred forests near monasteries, temples and pagodas, may provide relevant information as to when human impacts on the forest is likely to have ceased or at least diminished (Palmer and Finlay, 2003) . Specifically for mangrove forests there are only a few peer-reviewed published papers highlighting local spiritual archives in order to understand the mangrove forest's history. For instance, Kathiresan and Bingham (2001) and Kathiresan (2002) highlight spiritual beliefs associated to Excoecaria agallocha L., which is worshipped in the south of India near Chidambaram, and believed to cure leprosy. Certain beliefs or taboos are related to the mangrove in East-Africa as well (e.g. kayas in Kenya). In the Solomon Islands, the bodies of the dead are disposed of and special rites are performed in the mangrove waters (Vannucci, 1997) . A last but most fascinating documentation of the spiritual significance of mangroves stems from the Asmat communities in Indonesia (see also Walters et al., 2008) . According to their legends, the creator of the Asmat carved human-like figurines out of a mangrove root, and with the rhythm played on a self-made drum from mangrove wood, these figurines came to life (Mastaller, 1997) . Mystic totem poles made from Rhizophora wood are still carved by the Asmat today (Mastaller, 1997) .
Archaeological and paleoethnobiological data
If present near a study area, archaeological sites can provide elements that can be interpreted in an ecological way. For example, ancient water management practices and people's dependency of and impact on rivers were indicated by archaeological remains nearby (Brohier, 1934; Juleff, 1996; Lezine et al., 2002) . Another example is the insight on changes in faunistic assemblages (Keegan et al., 2003) or transgression of mangrove shorelines (Kendrick and Morse, 1990) provided by studying at archaeological excavation sites. In turn, biological information is also known to assist archaeologists, such as in the lichenometric dating of tombs (Winchester and Chaujar, 2002) , rock art (Bednarik, 2002) , or as in quartz hydration dating (Erickson et al., 2004) .
Paleoethnobiological research may provide insight into past pollen records (Coil et al., 2003) , biological diversity (Bonzani, 1997) , or pre-historic land conversion (Piperno, 1998) , all of which are relevant and underexploited in the understanding of changing environments (Lepofsky et al., 2001 ).
Transdisciplinary retrospective approaches
The effort to obtain and analyse archived material can be considerable. It is appropriate to evaluate the added value of such a procedure and these steps. When retrospection is the only means of obtaining information about causes of actual phenomena the added value is obvious. In fact this applies to most environmental issues where either long-term processes take place or where direct experimentation is not possible, or both. Mangroves are a highly dynamic environment in space and time, in which recognizable natural landmarks that are stable over time are few. Historically they were left out of human land development, which renders them underdocumented and quite featureless in terms of human landmarks. Yet, the various approaches presented here have contributed to our understanding of their development. We encourage scientists to share, where possible, transdisciplinary research approaches rather than interdisciplinary ones, because as evidenced in this paper, there is more potential for transdisciplinary studies than what is used today in mangrove research.
Interdisciplinarity within some science domains is obviously not new, as some research fields are commonly used in pairs with others. One example is the calibration of sediment stratigraphy and palynology (or other biotic distributions in the sediment) by dating techniques (Mulrennan and Woodroffe, 1998; Ellison, 1999; Stevenson, 2004; Horton et al., 2005) , or dendrochronology calibration by radiocarbon dating (e.g. Biondi and Fessenden, 1999; Stein et al., 2000) . Another example are combinatory retrospective approaches such as remote sensing-geobotanygeomorphology (Souza-Filho and El-Robini, 2000; Paradella, 2002, 2003) , dendrochronology-isotope analysis (February, 2000) or dendrochronology-fish catch data (Drake et al., 2002) .
However, the use of transdisciplinarity is a completely different story, and is heavily underexploited, as indicated for instance by the restricted use of historic archives detailed above. The variety of retrospective methods from different disciplines over a wide series of retrospective scales indicates that seldom one cannot look back in time (Fig. 3) . Particularly in the light of ecosystem or environmental change innovative combinations are possible (Table 1) . That transdisciplinary approaches on mangrove ecosys- Fig. 3 . Data sources for retrospective research, with examples or application fields (grey italics). The temporal scale is not continuous, but functionally classified (between hours and millions of years) with respect to the data sources. The square window represents the most relevant temporal window in the light of mangrove ecosystem change, and illustrates the transdisciplinarity of the data sources over basic, applied, social and human sciences. The degrees of availability of the data sources are indicated using colours-light grey: always available or can be collected; dark grey: is often available but depends on specificities, e.g. although available in most countries, aerial photography may be absent for particular years and sites; black: is much less universal and often not available. Limitations to the data sources that may not be overcome are indicated in superscipt: (1) limited by available data collected in the past such as species lists, imagery of environmental parameters (retroprojection of present fieldwork can mislead and cannot be validated); (2) limited by high cost of extraction, analysis or purchase; (3) limited by people's memory and life time, and by the respondents' reliability and possible bias; (4) limited to biological and chemical assimilation processes; (5) limited by the natural availability of the data; (6) limited by the nature and organisation of the archive database, the type of information displayed and the spatial resolution. For each data source an example of what can be studied is indicated in italic (I refer to the text for detailed explanation and references to scientific literature). tems has or could provide an enhanced insight can be illustrated best by highlighting matches with non-mangroves case-studies that combined data from basic and applied sciences with data from social and human sciences to gain better understanding in certain research topic (Table 2) . As a matter of fact, some combinatory uses of data sources obviously call for the expertise and technology to analyse and interpret them without bias (e.g. historic expertise for ancient archives, see Fig. 2 ). In other cases data or analyses are very costly or certain other limitations may apply and may pose a restriction on their use (Fig. 3) . However, in the majority of cases data sources that are almost always available, and that can always be explored easily and cheaply, are present: above-ground fieldwork observations, interviews, aerial photography, historic and religious archives.
We maintain that the level of disciplinarity used in research is a factor in gaining insight into the functioning of the ecosystem (Fig. 4) . The example from vegetation science to illustrate the level of insight (LOI) gained (Fig. 4) can be completed by the following references:
LOI I: e.g. Triest (2008) , Nagelkerken et al. (2008) ; LOI II: e.g. Komiyama et al. (2008) ; LOI III: e.g. Bosire et al. (2008) , Cannicci et al. (2008 ), A.M. Ellison (2008 , J.C. , Gilman et al. (2008) , Krauss et al. (2008) , Kristensen et al. (2008) ; LOI IV: e.g. Walters et al. (2008) ; LOI V: e.g. Berger et al. (2008) . This overview exemplifies that there is a huge potential for transdisciplinary research (i.e. as defined above) in order to better understand mangrove ecosystems and their dynamics, and although presented for the mangrove habitat here, we maintain it might be valid for a wide range of ecosystems worldwide. Table 2 Examples of mangrove and non-mangroves case-studies that adopt transdisciplinary retrospective research approaches thereby creating an added value for insight into a particular study topic
Study topic
Mangrove study and research approaches used Non-mangrove study and research approaches used Hydrographical changes Transitions in ancient inland freshwater resource management using historic text and map archives, vegetation science, remote sensing, hydrology and socio-economic interviews (Dahdouh-Guebas et al., 2005b) River behaviour and Holocene alluviation (Wales, UK) using archaeological evidence, C-14 dates, terrace mapping, heavy metal analysis, grain size analysis and historical maps (Taylor and Lewin, 1996) Protection against wind, storms, hurricanes,. . .
Hurricane impacts using vegetation science and interviews in an analytical hierarchy process approach (Kovacs et al., 2004) Role of scattered vegetation in wind erosion control (northern Burkina Faso) using vegetation science, pedology, erosion modelling and interviews (Leenders et al., 2005; Visser et al., 2005) Forest management based on vegetation history
Forecasting of future vegetation structure development using on aerial photography, social surveys, and distribution of trees (Dahdouh-Guebas et al., 2004) Development, distribution, structure and composition of upland forests (Scottish Highlands) and its consideration in management using cultural records, historic maps, vegetation science and geographical information systems (Holl and Smith, 2007) Shoreline position Shoreline evolution using historic map archives and remote sensing (Allison, 1998) Sandy beach evolution (Maine, USA) using side-scan sonar, seismic reflection profiles, ground-penetrating radar, soil cores, historic maps and aerial photographs (Kelley et al., 2005) Climate change Adapting to a changing climate using climatology, biological sampling and management (Meynecke, 2005) Wind speed and navigation using meteorology, climatology and historic text archives (Farrington et al., 1998) Fig. 4. Levels of insight (LOI) gained with increase of combinatory approaches involving various disciplines from basic and applied as well as from social and human sciences. The ideal situation is that each higher LOI level contains all lower LOI levels. A simple example from vegetation science illustrates that a basic descriptive disciplinary level of insight (LOI), LOI I, may teach us something about contemporary patterns in vegetation. A diachronic approach looking back in time may increase the LOI to II enabling the study of vegetation dynamics. LOI III requires the involvement of another discipline allowing the explanation of natural and anthropogenic factors (through basic and applied sciences) driving vegetation dynamics, whereas LOI IV is gained when information is gained directly from people (using scientific methods from social and human sciences) and their influence on vegetation dynamics. Finally, when all factors are put together and the approach is enriched with a modelling component the LOI increases to V, enabling in-depth understanding and forecasting. Modelling could be applied without ever including socio-ecologic data from local communities, but ideally the higher LOI levels should include all of the lower LOI levels in an attempt to improve insight. See text for specific references illustrating the levels of insight.
